SUMMARY: Mitraspora cyprini was found in the diseased kidney or ureter or both of goldfish, most of which were collected seasonally from representative goldfish farms in Edogawa Ward, Tokyo. Histological observations of both healthy and diseased kidneys were made. Observations were also made of smeared and stained preparations and living specimens of M. cyprini.
INTRODUCTION
During the course of the study on the kidney enlargement disease (KED) of goldfish in Japan, the author found this Myxosporidian from 100% of the diseased kidneys and later proved that this Mitraspora cyprini was the causative agent of the disease (unpublished data). Fujita (1912) first reported this myxosporidian from the renal tubule of goldfish and carp, and coined the name Mitraspora cyprini . Kudo (1920) reported this parasite from the renal tubules of a carp and he adopted the name Mitraspora. Hoshina (1968) found this Myxosporidian from the diseased kidney of goldfish, collected from a farm in Edogawa, Tokyo .
The previous authors gave, however, no detailed descriptions of the morphology and life history of M. cyprini. Above all, considering from the view point of the importance of this species as the causative agent of KED of goldfish (unpublished data), the author felt much interest in this, made investigations during the period from July, 1969 to December, 1971 , and established the life cycle of M . cyprini.
KED is characterized
by marked swelling of the kidney, or the ureter, or both ( Fig. 2, 1 ). The swelling of these organs makes the abdomen externally distended to such an extent as to deform the whole body. nucleus divides into two and a tetranucleate body is formed (Fig. 2, 10 ). The nucleus divides by amitosis. The tetranucleate body divides into two binucleate bodies each containing a vegetative and a generative nuclei. The division is ascertained to be plasmotomy. Thus multiplication takes place and the binucleate trophozoites infect the epithelial cells (Fig. 2, 12) .
In most smear preparations made during the months of June to August, observed were bi, tri and tetranucleate bodies attached together (Fig. 2, 11 ), forming body looking rather like the external budding reported by some authors (Cohn, 1896; Doflein, 1898; Noble, 1941) .
During the months of September, October and even in early November when the trophozoites are found in the distal region of the epithelium (Fig. 2, 13 ), the generative nucleus of the trophozoite increases in size. The centric nucleolus becomes distinct, being surrounded by a clear area, and the chromatin granules are situated in the margin of the nucleus. The nucleus is surrounded by a specially differentiated area of coarsely granular cytoplasm.
The vegetative nucleus does not show such changes and is slightly smaller. The chromatin reticulum is evenly distributed and no specially differentiated area of cytoplasm is observed.
The trophozoites gradually move toward the middle and bottom layers of the epithelium and intracellular growth takes place through the nuclear division (Fig. 2, 14) . Most trophozoites bacome nucleate with four to six nuclei and start leaving the epithelium for the lumen. In this stage, degenerative trophozoites appear, their nuclei being shifted to one or opposite sides of the body, which forms the so-called ringtype cell of rather uniform in size, though a little smaller than nondegenerative trophozoites.
Sporogony
Completing their intracellular life, the trophozoites (Fig. 2, 15 ) become free in the lumen and develope into polysporoblast.
The young polytrophozoites with gradual nuclear division and cytoplasmic growth develop into large polytrophozoites (Fig. 2,  16 ). During December, the polytrophozoites are found to contain one or two (usually one) round bodies composed of hyaline ectoplasm surrounding a granular endoplasm. These bodies are gemmules or internal buds (Kudo, 1922) (Fig. 2, 16 ). They are usually tinucleate with one vegetative and two generative nuclei.
They should not be confused with the vacuoles which are empty and smaller in size. Fully developed gemmules make their way to the periphery of the mother body and thereafter pince off to the exterior through the ectoplasmic layer.
Most of the gemmae become free in the lumen and grow to polytrophozoites, while some of them degenerate. This gemmation seems to be one of the reasons for the phenomenon that trophozoites of various sizes are found at the same time in the lumen. Occasionally the gemmules may be retained in the body of mother trophozoite for a long time. In such a case, they increase in size and the nucleus increases in number to a certain extent. They usually degenerate later and form the so-called ring-type cell (Fig. 2, 17) .
The cytoplasm of young trophozoites is poorly differentiated (Fig. 2, 15 ), while that of polytrophozoites clearly differentiated (Fig. 2, 16 ) into hyaline ectoplasm producing pseudopodia and slightly granular endoplasm containing refractile globules. Often a large vacuole is observed. The body is colorless. They move slowly with pseudopodia. Young trophozoites produce lobate pseudopodia from one localized part, while polytrophozoites produce short and broad lobes from localized parts or from the 
IDENTIFICATION
As stated earlier, Fujita (1912) coined the name Mitraspora cyprini for this myxosporidian. Kudo (1920) and Hoshina (1968) also adopted this name. Bykohovskaya- Pavlovskaya et al. (1964) used the name Mitraspora cyprini as the synonym of Sphaerospora cyprini under the family Sphaerospora.
At first sight the spore of M. cyprini presents some resemblance to that of S. cyprini, as both carry caudal filaments, arranged almost in the same way, and pyriform polar capsules. According to Bykohovskaya-Pavlovskaya et al. (1964) , S. cyprini bears two spores in each sporoblast.
The present species, however, generally forms 1, amoebula ; 2, zygote ; 3-5, young trophozoites ; 3, a-c, plasmotomy ; 6, trophozoite just free in the lumen ; 7, young polytrophozoite ; 8, polytrophozoite with a gemma and a vacuole; 9, polytrophozoite forming pansporoblast; 10, large polytrophozoite forming spore cells ; 11, polysporoblast with immature spore and spore cells; 12, polysporoblast with fully formed spores ; 13, a muture spore; d-f, development of spore from spore cell nuclei, 14, germination. Recently Dogiel et al. (1965) referred gemmation only as endogenous budding and they considered budding, especially exogenous budding, as plasmotomy.
Development of Trophozoites, Sporogony and Reinfection: Intracellular development of trophozoites, which later get free in the lumen and grow to polytrophozoites in M. cyprini, has been detailed for the first time, though Kudo (1920) observed the trophozoites of Mitraspora elongata in both lumen and tissue of the kidney tubules of Lepomis cyanelles. There are a few reports of myxosporidian trophozoite parasitic to the epithelial cells but nothing is known about the relationship with the intraluminar trophozoites, which has been made clear in M. cyprini.
Comparing the later development of trophozoites and sporogony of M. cyprini with other polysporus myxosporidia closely related to M. cyprini, Kudo (1920) reported monosporont in Mitraspora elongata, whereas the polysporoblasts of Myxidium gasterostei (Noble, 1943) , S'phaerospora dimorpha (Davis, 1916) and Myxidium bergense (Auerbach, 1910 (Auerbach, , 1912 form disporonts.
The union of two generative cells (Mayor, 1916; Georgevitch, 1936 ) producing a small body or pansporoblast which ultimately develops into a single spore in M. cyprini was also observed by Kudo (1917 Kudo ( , 1920 in Myxobolus toyamai and Mitraspora elongata.
Similar observations of the formation of a spore from six cells (a spore cell) have been reported by many authors, such as Davis (1916 Davis ( , 1923 , Kudo (1920) and Noble (1944) .
After the spores are formed and become free in the lumen, the tubules whose epithelia have not been seriously or even not at all infected by young trophozoites get infected with young trophozoites.
Though the presence, way of multiplication and development of the trophozoite are quite similar to those in the freshly infected 0-age fish, germinating spores and empty spore shells are found only in the former case. Therefore, the formerly infected kidneys are believed to be reinfected by the amoebulae, germinated from the spores produced in the same kidney. This phenomenon which has so far been observed only in M. cyprini may be called reinfection.
From all the above facts, the life cycle of M. cyprini which takes a year to complete is summarized as follows : 
